
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 



Field of the Invention: 

This invention relates to a semiconductor device and particularly relates to a 
5 semiconductor device which having an improved electrostatic breakdown voltage. 
Description of the Related Art: 

Fig. 23 is a circuit diagram of a compound semiconductor switching circuit device. 
The source electrodes (or drain electrodes) of first and second FET's, FET1 and FET2, are 
connected to a common input terminal IN, the gate electrodes of FET1 and FET2 are 
10 respectively connected to first and second control terminals Ctl-1 and Ctl-2 via resistors Rl and 
R2, and the drain electrodes (or source electrodes) of FET1 and FET2 are connected respectively 
to first and second output terminals OUT1 and OUT2. The control signals applied to first and 
second control terminals Ctl-1 and Ctl-2 are complementary signals and the FET to which the H 
level signal is applied turns ON and transmit the input signal applied to common input terminal 
15 IN to one of the output terminals. Resistors Rl and R2 have the resistance of 1 OK Q 

respectively and are provided for preventing high-frequency signals from leaking via the gate 
electrodes to the DC potential of control terminals Ctl-1 and Ctl-2 which are AC grounded. 

Fig. 24 shows an example of a compound semiconductor chip having this compound 
semiconductor switching circuit integrated. 
2 0 FET1 and FET2, which perform switching, are disposed at central parts of a GaAs 

substrate and the resistors Rl and R2 are connected to the respective the gate electrodes of the 
FET's. Also, pads, respectively corresponding to the common input terminal IN, the output 
terminals OUT1 and OUT2, and the control terminals Ctl-1 and Ctl-2, are disposed at peripheral 
parts of the substrate. A gate metal layer (Ti/Pt/Au) 20, which is formed at the same time as the 

2 5 forming of the gate electrodes of the respective FET's, includes a second-layer wiring, indicated 

by dotted lines, and a pad metal layer (Ti/Pt/Au) 30, which connects the respective elements and 
form the pads, includes a third-layer wiring, indicated by solid lines. An ohmic metal layer 
(AuGe/Ni/Au), which is in ohmic contact with the first-layer substrate, forms the source 
electrodes and drain electrodes of the respective FET's and forms electrodes at the ends of the 

3 0 respective resistors, and this layer is not illustrated in Fig. 1 1 as it overlaps with the pad metal 

layer FET1, shown in Fig. 24, are formed on an operating region 12, which is surrounded by 



alternate long and short dash lines. The three-teeth-comb-shaped third-layer pad metal layer 30 
parts, which extend from the lower side, form a source electrode 13 (or drain electrode) 
connected to the output terminal OUT1, and below this is disposed a source electrode 14 (or 
drain electrode) formed by the first-layer ohmic metal layer. Also, the three-teeth-comb-shaped 
5 third-layer pad metal layer 30 parts, which extend from the upper side, form a drain electrode 15 
(or source electrode) connected to the common input terminal IN, and below this is disposed a 
drain electrode 14 (or source electrode), formed by the first-layer ohmic metal layer. These 
electrodes are disposed in the form of engaged comb teeth and in between these, a gate electrode 
17, formed from second-layer the gate metal layer 20, is disposed on the operating region 12 in 

1 0 the form of five comb teeth. The drain electrode 1 5 (or source electrode) that has the central 

comb tooth extending from the upper side is used in common by FET1 and FET2 to contribute to 
size reduction. Here, the gate width, which is the total gate width of the comb-shaped gate 
electrode 17 of each FET, is 600|um. 

Fig. 25 shows the results of measuring the electrostatic breakdown voltage of the 

1 5 switching circuit device shown in Fig. 24. Here, the electrostatic breakdown voltage is 

measured under the following conditions. That is, after applying a test voltage to the terminals 
of a test capacitor of 220pF and thereby charging electricity in the test capacitor, the wiring for 
voltage application is cut off. Thereafter, the charged electricity in the test capacitor is 
discharged between the terminals of a tested element (FET) without resistance element or 

2 0 inductance element inserted. Thereafter it is determined whether the FET has broken down. 
If the FET does not break down, the test is repeatedly carried out with the application voltage 
being increased by 10V at a time, and the first application voltage at which the FET breaks down 
is measured as the electrostatic breakdown voltage. 

As shown in Fig 25, since there has been no attempt in the art to improve the 

2 5 electrostatic breakdown voltage, the electrostatic breakdown voltage is poor and only 140V 

between the common input terminal IN and the control terminal Ctl-1 and between the common 
input terminal IN and the control terminal Ctl-2. 

Also, there is a variation of the electrostatic breakdown voltage depending on the 
terminals which the electrostatic breakdown voltage is measured between. Though the specific 

30 mechanism that determines this electrostatic breakdown voltage is unclear, with a switching 

circuit device, the minimum electrostatic breakdown voltage between two terminals is generally 



of the level of 100V or less as mentioned above, and the finest care is required for handling. 
That is, the minimum electrostatic breakdown voltage among the terminals of a device 
determines the electrostatic breakdown voltage of the device as a whole, and thus improvement 
of the minimum electrostatic breakdown voltage among these terminals is required. 
5 Besides, unlike other devices for audio, video, and power supply applications, 

microwave communication devices are low in the internal Schottky junction or pn junction 
capacitance, and these junctions are weak against static electricity. 

Generally in order to protect a device against static electricity, an electrostatic 
breakdown protecting diode may be connected in parallel between the terminals of a pn junction 

10 or Schottky junction, which is damaged readily by electrostatic discharge. However, this 

approach could not be applied to a microwave device since increased parasitic capacitance due to 
connection of a protecting diode causes degradation of the high-frequency characteristics. 

SUMMARY OF THE INVENTION 
The invention provides a semiconductor device that includes a substrate, a plurality of 

1 5 electrodes provided for an operating region formed in the substrate, a plurality of electrode pads 
formed on the substrate and each connected to a corresponding electrode of the operating region, 
a plurality of wiring connections between one of the electrodes and a corresponding electrode 
pad, and a protecting element formed along each of the wiring connections and having a first 
high concentration impurity region, a second high concentration impurity region and an 

2 0 insulating region between the first and second high concentration impurity regions. The 
protecting element is disposed between two electric paths each connected to one of the 
electrodes. 

The invention also provides a semiconductor device that includes a substrate, and a gate 
electrode, a source electrode and a drain electrode. Each of the electrodes is provided for an 

2 5 operating region formed in the substrate. The device also includes an electrode pad provided 

for each of the electrode and formed on the substrate, a plurality of wiring connections between 
one of the electrodes and a corresponding electrode pad, and a protecting element formed along 
each of the wiring connections and having a first high concentration impurity region, a second 
high concentration impurity region and an insulating region between the first and second high 

3 0 concentration impurity regions. The protecting element is disposed between two electric paths 

each connected to one of the electrodes. 



The invention further provides a semiconductor switching device that includes a first 
field effect transistor and a second filed effect transistor each formed on a substrate. Each of 
the transistors includes a source electrode, a gate electrode and a drain electrode. The device 
also includes a common input terminal connected to the source electrodes or the drain electrodes 
of the first and second transistors, and a first output terminal provided for the first transistor and 
a second output terminal provided for the second transistor. Each of the output terminals is 
connected to a corresponding source or drain electrode that is not connect to the common input 
terminal. The device further includes a first control terminal provided for the first transistor and 
a second output terminal provided for the second transistor. Each of the control terminals is 
connected to a corresponding gate electrode. The device also includes an electrode pad 
provided for each of the terminals and formed on the substrate, a plurality of wiring connections 
between the gate electrode of the first transistor and the electrode pad of the first control terminal, 
and a protecting element formed along each of the wiring connections and having a first high 
concentration impurity region, a second high concentration impurity region and an insulating 
region between the first and second high concentration impurity regions. The protecting 
element is disposed between two electric paths that are connected respectively to the gate and 
source electrodes of the first transistor or the gate and drain electrodes of the fist transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and IB are schematic circuit diagrams of a semiconductor device of an 
embodiment of the invention. 

Fig. 2 is a schematic view of a protecting element of this embodiment. 

Figs. 3A-3D are sectional views of the protecting element. 

Figs. 4A and 4B are sectional views of the protecting element. 

Figs. 5A-5D are a sectional views of the protecting element. 

Fig. 6 is a plan view of the semiconductor device of the embodiment. 

Figs. 7A and 7B are sectional views of the device of Fig.6. 

Fig. 8 lists characteristic properties of the embodiment. 

Fig. 9 is a cross-sectional model diagram of a device simulation for the protecting 
element. 

Fig. 10 is an electron current density distribution diagram of the device simulation. 
Fig. 1 1 is a hole current density distribution diagram of the device simulation. 



Fig. 12 is a recombination density distribution diagram of the device simulation. 

Fig. 13A is a schematic diagram of the current path of an a-structure, and Fig. 13B is a 
schematic diagram of the current paths of a b-structure. 

Fig. 14 is a current - voltage diagram of the device simulation. 

Fig. 15 shows simulated current density as a function of X coordinate. 

Figs. 16A and 16B show results of the simulation, and Fig. 16C is a schematic diagram 
of the current paths of the b-structure. 

Fig. 17 shows ratios of simulated currents. 

Fig. 1 8 A shows the geometrical factor as part of the modeling, and Fig. 1 8B shows the 
simulated discharge voltage as a function of a geometric factor. 

Fig. 19A shows a geometrical factor as part of the modeling, and Fig. 19B shows the 
simulated current density. 

Fig. 20A shows a geometrical factor as part of the modeling, and Fig. 20B shows the 
simulated discharge voltage as a function of the geometrical factor. 

Fig. 21 is a schematic diagram of the current paths of a c-structure. 

Fig. 22 is a schematic plan view for a different modeling. 

Fig. 23 is a circuit diagram of a conventional semiconductor device. 

Fig. 24 is a plan view of the device of Fig. 23. 

Fig. 25 is a characteristic diagram of the device of Fig. 23. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 A is a circuit diagram of a compound semiconductor switching circuit device of an 
embodiment of this invention. This device is protected by protecting elements as described 
below. 

The source electrodes (or drain electrodes) of first and second FET's, FET1 and FET2, 
are connected to a common input terminal IN, the gate electrodes of FET1 and FET2 are 
connected to first and second control terminals Ctl-1 and Ctl-2, respectively, via resistors Rl and 
R2, respectively, and the drain electrodes (or source electrodes) of FET1 and FET2 are 
connected to first and second output terminals OUT1 and OUT2, respectively. Note that the 
symbols Rl and R2 are used to denote resistors Rl-1 and Rl-2 and resistors R2-1 and R2-1, 
respectively. The control signals that are applied to the first and second control terminals Ctl-1 
and Ctl-2 are complementary signals and the FET to which the H level signal is applied turns ON 



to make the input signal applied to the common input terminal IN be transmitted to one of the 
output terminals. The resistors Rl and R2 are disposed to prevent high-frequency signals from 
leaking via the gate electrodes to the DC potential of the control terminals Ctl-1 and Ctl-2, which 
are AC grounded. Also, the respective resistors Rl and R2 extend in a plurality of paths from 
5 the control terminals Ctl-1 and Ctl-2 and connect to the gate electrodes of FET1 and FET2. In 
this embodiment, there are, for example, two such paths for each resistor, that is, resistors Rl-1 
and Rl-2 extend from the control terminal Ctl-1 and connect to the gate electrode of FET1 and 
resistors R2-1 and R2-2 extend from the control terminal Ctl-2 and connect to the gate electrode 
of FET2. 

10 In the circuit shown in Fig. 1A, protecting elements 200 are connected between the gate 

electrode and source electrode and between the gate electrode and drain electrode of each of the 
two FET's of the compound semiconductor switching circuit device, which is shown in Fig. 24. 
This device is based on GaAs FET's and called an SPDT (Single Pole Double Throw). The 
control terminal Ctl-1 is connected to the gate electrode of FET1, the control terminal Ctl-2 is 

1 5 connected to the gate electrode of FET2, and the protecting elements 200 are connected 

respectively between the control terminal Ctl-1 and the common input terminal IN, between the 
control terminal Ctl-2 and the common input terminal IN, between the control terminal Ctl-1 and 
the output terminal OUT1, and between the control terminal Ctl-2 and the output terminal OUT2. 
In Fig. IB, the FET portion of Fig. 1 A is replaced by an internal equivalent circuit. In 

2 0 considering the electrostatic breakdown voltage in GaAs MESFET 100, the gate Schottky 

junction is in a reverse voltage. Thus the equivalent circuit for this state is a circuit in which a 
Schottky barrier diodes 1 1 5 are connected between gate electrode G and source electrode S and 
between gate electrode G and drain electrode D. For protection from electrostatic breakdown, it 
is sufficient to reduce the electrostatic energy applied to a gate electrode G Schottky junction, 

2 5 which is a weak junction. In this embodiment, by connecting the protecting element 200 

between two electrodes of the MESFET 100 and thereby providing a path to serve as a bypass 
for partial discharge of electrostatic energy applied between the corresponding two electrodes. 
Thus, the weak junction is protected from electrostatic breakdown due to the electrostatic 
charges induced near the junction by a source extrinsic to the device. 

3 0 Above examples include the protecting elements 200 connected between gate electrode 

G and source electrode S or between gate electrode G and drain electrode D since a gate 



Schottky junction or a gate pn junction is weakest against electrostatic breakdown in the FET 
structure. However, the protecting element 200 may be connected between source electrode S 
and drain electrode D instead. 

The protecting element 200 will be described with reference to Fig. 2, which is a 
5 schematic diagram of the protecting element 200. 

The protecting element 200 is an element in which an insulating region 203 is placed 
between a first high concentration impurity region 201 and a second high concentration impurity 
region 202 that are placed close to each other. The first and second high concentration impurity 
regions 201 and 202 are formed by ion implantation or diffusion in a substrate 101 . These high 
10 concentration impurity regions shall be described hereinafter as a first n+-type region 201 and a 
second n+-type region 202. The first and second n+-type regions 201 and 202 are separated by 
a distance that enables passage of electrostatic energy, for example, a distance of approximately 
4 (im. The impurity concentration is 1 x 10 17 cm-3 or more for both regions. The insulating 
region 203 is placed in contact with and between the first and second n+-type regions 201 and 
1 5 202. Here, the insulating region 203 is not electrically a complete insulator but is a part of a 
semi-insulating substrate or an insulating region formed by ion implantation of an impurity into 
the substrate 101. The insulating region 203 preferably has an impurity concentration of 1 x 
10 14 cm-3 or less and a resistivity of 1 x 10 3 Q-cm or more. 

By placing the first and second n+-type regions 201 and 202 in contact with the 

2 0 respective ends of the insulating region 203 and making the distance between the first and 

second n+-type regions 201 and 202 approximately 4 jam, electrostatic energy, which is applied 
from the outside between two electrodes of the protected device to which the first and second 
n+-type regions 201 and 202 are respectively connected, can be discharged via the insulating 
region 203. 

25 The distance of 4 (am between these two n+-type regions is a suitable distance for 

passage of electrostatic energy, and with a distance of 10 jam or more, discharge will not occur 
reliably between these two n+-type regions. The impurity concentration of the insulating 
region, not the distance, may be adjusted to have a proper device characteristic. Under a 
normal FET operation, since a voltage as high as that of static electricity will not be applied, a 

3 0 signal will not pass through the insulating region of 4 |im. Likewise, a signal will not pass 

through the insulating region of 4 |im even in the case of high-frequency operation, such as 



microwave. Thus, the under normal operation, the protecting element 200 does not change 

device characteristics at all since it does not influence the characteristics of the FET in any way. 

However, static electricity is a phenomenon in which a high voltage is applied instantaneously, 

and in this case, electrostatic energy passes through the insulating region of 4 \im and is 
5 discharged between the first and second n+-type regions 201,202. Also, when the thickness of 

the insulating region becomes 10 (im or more, the resistance becomes large even for static 

electricity and discharge becomes less likely to occur. 

The first n+-type region 201 and the second n+-type region 202 are connected between 

two electrodes of the protected device 100. The first and second n+-type regions 201 and 202 
1 0 may be used as the terminals of the protecting element 200 or the metal electrodes 204 may be 

provided additionally on these n+-type regions. 

Figs. 3 A-3D and Figs. 4A and 4B show devices where the metal electrodes 204 are 

provided on the protecting element 200. These metal electrodes 204 are connected to bonding 

pads connected to the electrodes of protected devices MESFET 100 or wiring connected to the 
15 bonding pads. 

Figs. 3A-3D show the metal electrodes 204 that form Schottky junctions with the first 
and second n+-type regions 201 and 202, and Figs. 4A and 4B show the metal electrodes 204 
that form ohmic junctions. Here, for the sake of convenience, these metal electrodes shall be 
described as a Schottky junction metal electrodes 204s and an ohmic junction metal electrodes 
20 204o. 

In Fig. 3 A, the metal electrodes 204s form Schottky junctions with the surfaces of the 
first n+-type region 201 and/or the second n+-type region 202. The electrodes are formed on 
the surfaces of the first and second n+-type regions 201 and 202 and separated by 0.1 \im to 5 
|im from the edge of the insulating region 203 in consideration of the mask aligning accuracy 

2 5 and the resistances of both of the first and second n+-type regions 201 and 202. A separation of 
5 |im or more will make the resistance large and will not readily allow the passage of static 
electricity. The metal electrodes 204s may be formed on just the first and second n+-type 
regions 201 and 202 or a part thereof may extend to the semi-insulating substrate 101 and form a 
Schottky junction with the substrate surface. 

30 Or as shown in Figs. 3B and 3C, the metal electrodes 204s may be disposed on 

passivation nitride films or other insulating films 205 formed on the first and second n+-type 



regions 201 and 202. In this case, the metal electrodes 204s are extended onto the 
semi-insulating substrate 101 and are connected via the substrate 101 to the first and second 
n+-type regions 201 and 202. Furthermore, as shown in Fig. 3D, a structure, wherein a metal 
layer is not formed on either the first or second n+-type regions 201 and 202, but the metal 
5 electrodes 204s form Schottky junctions with the semi-insulating substrate 101 at the outer sides 
of these regions, is also possible. 

In all of the cases illustrated in Figs. 3B, 3C, and 3D, the metal electrodes 204s are not 
connected directly with the first and/or second n+-type regions 201 and 202. The metal 
electrodes 204s may thus have structures that form Schottky junctions with the substrate 

1 0 approximately 0 |nm to 5 |um to the outer side from the ends of the first and/or second n+-type 
regions 201 and 202. That is, as shown in Figs. 3B, 3C, and 3D, the first and second n+-type 
regions 201 and 202 do not have to be in contact with the metal electrodes 204s, and the 
separation of 5 |^m or less provides an adequate connection between the first and second n+-type 
regions and the metal electrodes 204s via the semi-insulating substrate. 

1 5 Meanwhile, Figs. 4 show the metal electrodes 204o that form ohmic junctions with the 

first and/or second n+-type regions. 

The metal electrodes 204o may form ohmic junctions with the first and/or second 
n+-type regions 201 and 202. Since the metal electrodes 204o cannot form ohmic junctions 
with the semi-insulating substrate 101, the metal electrodes 204o are not extended onto 

2 0 neighboring parts of the substrate 101. The metal electrode 204o is connected to a bonding pad 
(or a wiring connected to the bonding pad) 120 of the protected device, and in the case of an 
ohmic junction, the metal electrode 204o is connected to the bonding pad (or the wiring) 120 via 
another metal layer 206. 

An ohmic junction has a resistance lower than a Schottky junction, and passes static 

2 5 electricity more readily. In this regard, an ohmic junction provides a larger protection effect 
against electrostatic breakdown than a Schottky junction. 

However, with the ohmic junction, the metal electrode 204o is diffused deeply into the 
substrate and when the metal electrode 204o reaches the depth of the n+-type region or more, the 
metal electrode 204o contacts the semi-insulating region of the substrate and in this case, the 

30 protecting element 200 itself readily undergoes electrostatic breakdown. 

For example, if a metal is provided to form ohmic junctions with the first n+-type region 



201 and the second n+-type region 202, the distance between ohmic junctions is 10 jam, and the 
metal electrode 204o is diffused to the semi-insulating region of the substrate at the depth of the 
first and second n+-type regions 201 and 202 or more, an ohmic junction - insulating region - 
ohmic junction structure is formed at parts deeper than the depth of the n+-type regions. Since 
5 it is known that this structure is weak against electrostatic energy, it is likely that the protecting 
element itself will undergo electrostatic breakdown. 

When the metal electrode 204o is expected to diffuse to the semi-insulating region of the 
substrate at the depth of the two n-Mype regions or more, Schottky junctions must be formed 
instead, and when the metal electrode 204o does not reach the depth of the n+-type regions, 

1 0 ohmic junctions provide a greater protection effect. 

Also, as shown in Fig. 4B, it is not necessary for both of the two terminals of the 
protecting element 200 to have the same metal electrode structure, and each of the first and 
second n+-type regions may have any of the structures shown in Figs. 3A-3D and Figs. 4A and 
4B independently. Furthermore, although it is possible that one of the terminals has the metal 

1 5 electrode 204 and another terminal does not have the metal electrode 204, the formation of metal 
electrodes is preferable in that the resistance is decreased and the protection effect is increased 
accordingly. 

Such a metal electrode 204 may be a part of a bonding pad or a part of a wiring 
connected to a bonding pad. Using such bonding pads and wiring, i.e., the integration of the 
2 0 protecting element 200, can reduce the total chip size. 

The type of the protecting element 200, which is integrated on the same substrate as FET 
100, shall now be described using Figs. 5A-5D. An operating region 108 of the 
above-described FET 100 may be of any of the structures described below. In each of Figs. 5 A 
to 5D, the left diagram shows the FET's operating region 108 and the right diagram shows the 
2 5 protecting element 200, which is integrated on the same substrate. 

First, in the device shown in Fig. 5 A, an n-type operating layer 102 is formed, for 
example, by ion implantation on the semi-insulating substrate 101, and at the respective ends of 
this layer, an n+ type source region 103 and a drain region 104 are formed to form the operating 
region 108. This is a MESFET in which a source electrode 106 and the drain electrode 107 are 
30 formed as ohmic electrodes above the source region 103 and the drain region 104. A gate 

electrode 105, which forms Schottky junction with n-type operating layer 102, is provided. In 



this case, the two terminals (the first and second n+-type regions 201 and 202) of the protecting 
element 200 are preferably formed at the same time as the source region 103 and the drain region 
104 of the operating region 108 for the simplification of processes. And the two terminals are 
separated by 4).im from each other on the semi-insulating substrate 101. The protecting element 
5 200 has the first n+-type region 201, a semi-insulating region 203a and the second n+-type 
region 202. In this case, the protecting element 200 protects the gate Schottky junction from 
electrostatic breakdown. 

In the FET of Fig. 5B an n-type operating layer 102 is formed, for example, by ion 
implantation on the semi-insulating substrate 101, and at the respective ends of this layer, the n+ 

10 type source region 103 and the drain region 104 are formed to form the operating region 108. 
This is a junction type FET in which the source electrode 106 and the drain electrode 107 are 
formed as ohmic electrodes above the source region 103 and the drain region 104. The gate 
electrode 105, which forms ohmic junction with a p+-type gate region 109 formed inside n-type 
operating layer 102, is provided. In this case, the two terminals (the first and second n+-type 

1 5 regions 201 and 202) of the protecting element 200 are preferably formed at the same time as the 
source region 103 and the drain region 104 of the operating region 108 for the simplification of 
processes. And they are separated by 4|im from each other on the semi-insulating substrate 101. 
The protecting element 200 has the first n+-type region 201, the semi-insulating region 203a and 
the second n+-type region 202. In this case, the protecting element 200 protects the gate pn 

2 0 junction from electrostatic breakdown. 

Operating layer 102 of the FET of Fig. 5C is , for example, fabricated with an n type 
epitaxial layer onto the semi-insulating substrate 101, and at the respective sides of this layer, a 
n+-type impurity is implanted to form the source region 103 and the drain region 104. This is a 
MESFET wherein the source electrode 106 and the drain electrode 107 are formed as ohmic 

25 electrodes above the source region 103 and the drain region 104. The gate electrode 105, which 
forms Schottky junction with n-type operating layer 102, is provided. This element is isolated 
from other neighboring elements by an insulated layer 125 formed by impurity implantation. 
Since the surface of the protecting element 200 that is integrated on the same chip is an n-type 
epitaxial layer, the area between the first and second n+-type regions is formed as an insulated 

30 region 203b by impurity implantation. The outer sides of the respective terminals are likewise 
isolated by the insulated layer 125, formed by impurity implantation. The insulated region 



203b of the protecting element 200 and the insulated layer 125 for element isolation are 
preferably formed in the same process. Also, the first and second n+-type regions 201 and 202 
are preferably formed at the same time as the source and drain regions of the operating region 
108. The protecting element 200 has the first n-Mype region 201, the insulated region 203b and 
5 the second n+-type region 202. The protecting element 200 protects the gate Schottky junction 
from electrostatic breakdown. 

The same device structure as that of Fig. 5B may be applied to this n-type 
epitaxial-operating layer device. In this case, the protecting element 200 protects the gate pn 
junction from electrostatic breakdown. 

1 0 Besides MESFET's and junction type FET's, an HEMT (High Electron Mobility 

Transistor) may have similar protection structures, as shown in Fig. 5D. 

In this structure, an n++AlGaAs layer 101a, an undoped InGaAs layer 101b, and an 
n++AlGaAs layer 101c are formed as epitaxial layers successively on the semi-insulating 
substrate 101. The source electrode 106 and the drain electrode 107 are formed as ohmic 

1 5 electrodes above the source region 103 and the drain region 104, formed by n+-type ion 

implantation at the respective ends of operating layer 102, which is formed of the plurality of 
layers. The gate electrode 105 that forms Schottky junction with the operating layer surface is 
provided. This element is isolated from other neighboring elements by the insulated layer 125 
formed by impurity implantation. Also, as shown on the right in Fig. 5D, since the surface of 

2 0 the protecting element 200 that is integrated on the same chip has the same substrate structure, 
the protecting element 200 has a structure in which the insulated region 203b is located between 
the first and second n+-type regions that are formed at the same time as the source region 1 03 
and the drain region 104. Furthermore, the outer sides of the respective terminals are likewise 
isolated by the insulated layer 125, formed by impurity implantation. The insulated region 

25 203b of the protecting element 200 and the insulated layer 125 for element isolation are 
preferably formed in the same process. Also, the first and second n+-type regions are 
preferably formed at the same time as the source and drain regions of the operating region 108. 
In this case, the protecting element 200 protects the gate Schottky junction from electrostatic 
breakdown. 

30 Fig. 6 is a plan view of a device in which the switching circuit device shown in Fig. 1 is 

integrated in a single chip. 



FET1 and FET2 for switching are arranged at central parts of the GaAs substrate 101, 
and the resistors Rl and R2 are connected to the gate electrodes 105 of the respective FETs. 
The resistors Rl and R2 extend in two paths each from the control terminals Ctl-1 and Ctl-2, 
respectively, and connect with the respective gate electrodes on the operating regions of FET1 
5 and FET2. 

In addition, electrode pads I, 01, 02, CI and C2, connecting to the common input 
terminal IN, the output terminals OUT1 and OUT2, the control terminals Ctl-1 and Ctl-2, 
respectively, are provided at the surroundings of FET1 and FET2 at the periphery of the substrate. 
A second-layer wiring, indicated by dotted lines, is the gate metal layer (Ti/Pt/Au) 120 formed at 

10 the same time the gate electrodes 105 of the respective FETs are formed, and a third-layer wiring, 
indicated by solid lines, is a pad metal layer (Ti/Pt/Au) 130 for connection of the respective 
elements and pad formation. An ohmic metal layer (AuGe/Ni/Au) of the first metal layer, 
which is in ohmic contact with the substrate, forms the source electrodes and drain electrodes of 
the respective FETs, and forms electrodes at the ends of the respective resistors, and this layer is 

1 5 not illustrated in Fig. 6 since it overlaps with the pad metal layer. 

FET1 and FET2, shown in Fig. 6, are formed on an operating region 1 12, which is 
surrounded by alternate long and short dash lines. The three-teeth-comb-shaped third-layer pad 
metal layer 130 parts, which extend from the lower side, include a source electrode 1 16 (or drain 
electrode) connected to the output terminal OUT1, and below this is disposed the source 

2 0 electrode 1 06 (or drain electrode) formed by the first-layer ohmic metal layer. Also, the 

three-teeth-comb-shaped third-layer pad metal layer 130 parts, which extend from the upper side, 
include a drain electrode 1 1 7 (or source electrode) connected to the common input terminal IN, 
and below this is disposed the drain electrode 107 (or source electrode), formed by the first-layer 
ohmic metal layer. These electrodes are in the form of engaged comb teeth, and the gate 

25 electrode 105, formed by the second-layer gate metal layer 120, is formed between them on the 
operating region 1 12 in the form of five comb teeth. The drain electrode 1 17 (or source 
electrode) that forms the central comb tooth extending from the upper side is used in common by 
FET1 and FET2 for size reduction. Here, the gate width, the total gate width of the 
comb-shaped gate electrode 105 of each FET, is 600 |um. 

30 In this embodiment, the connections extend in two paths from each of the electrode pads 

CI and C2, connecting to the control terminals Ctl-1 and Ctl-2, respectively, and connect to the 



gate electrodes 105 on the operating region 1 12. That is, from the control terminal pad CI , the 
resistors Rl-1 and Rl-2 extend and connect to the gate electrode 105 of FET1. Also, from the 
control terminal pad C2 3 the resistors R2-1 and R2-2 extend and connect to the gate electrode 
105 of FET2. 

5 The resistor Rl and the resistor R2 are n+-type impurity diffused regions formed on the 

substrate. Each of the resistors Rl -1 , Rl -2, R2-1 , and R2-2 has a resistance of 20 KQ. With 
the parallel connection of the resistors Rl-1 and Rl-2, Rl has a total resistance of 10KQ. 
Likewise, with the parallel connection of the resistors R2-1 and R2-2, R2 has a total resistance of 
10KQ. The resistors Rl and R2 are thus designed to be the same in resistance value as the 

1 0 resistors Rl and R2 of the related art shown in Fig. 24. 

In this embodiment, if the resistance is to be realized by forming the resistors Rl and R2 
from just the n+-type impurity diffused region, the length of each resistor will be too long and 
the area on the chip that is taken up by these resistors will be large. Thus a part of each of the 
resistors Rl and R2 is formed of an n-type impurity region CN of the same concentration as the n 

1 5 layer of the channel region, which is high in sheet resistance. These are then used for 

connecting the control terminal pads CI and C2 to the gate electrodes on the operating region 
112. Where possible, the entire connections may be made with the n+-type impurity diffused 
regions or the entire connections may be made with the n-type impurity regions CN. 

Figs. 7A and 7B show a sectional view and a schematic circuit diagram of a part of the 

2 0 switching circuit device shown in Fig. 6. Fig. 7A is sectional view along line A-A of Fig. 6 and 

shows a single FET. Both FET1 and FET2, which perform the switching operations in the 
switching circuit device, are of the same arrangement. 

As shown in Fig. 7 A, on the substrate 101, an n-type operating layer 102 is formed, and 
on the respective sides of this layer are disposed n+-type impurity regions that form the source 
25 region 103 and the drain region 104. The gate electrode 105 is disposed on operating layer 102, 
and the drain electrode 1 07 and the source electrode 1 06, formed of the first-layer ohmic metal 
layers, are formed on the impurity regions. Above these are formed the drain electrode 117 and 
the source electrode 1 16, formed of the third-layer pad metal layer 130 and providing the wiring 
of the respective elements. 

3 0 The MESFET is the weakest against electrostatic breakdown when a surge voltage is 

applied between gate electrode 105 and source electrode 106 or between gate electrode 105 and 



drain electrode 107, both of which are small in gate Schottky junction capacitance, with the gate 
electrode 105 side being made negative. In this case, static electricity is applied in reverse bias 
to the Schottky barrier diodes 1 1 5 formed at the interface between the operating region 108 and 
the gate electrode 105, which is formed on the surface of the operating region 108 (See Fig. IB). 
5 In a FET, a Schottky junction part between the gate electrode 105 and operation layer 

102 is the lowest in electrostatic breakdown voltage. Namely, when electrostatic energy 
applied between the gate electrode and drain electrode or between gate electrode and source 
electrode reaches the gate Schottky junction, the gate Schottky junction is damaged if the 
electrostatic energy exceeds the electrostatic breakdown voltage between the gate electrode and 

10 source electrode or between the gate electrode and drain electrode of the channel region. 

For protection from electrostatic breakdown, it is sufficient to reduce the electrostatic 
energy applied to the gate electrode Schottky junction, which is a weak junction. In this 
embodiment, by connecting the protecting element 200 between two electrodes of MESFET 100 
and thereby providing a path to serve as a bypass for partial discharge of electrostatic energy 

1 5 applied between the corresponding two electrodes. Thus, the weak junction is protected from 
electrostatic breakdown due to the electrostatic charges induced near the junction by a source 
extrinsic to the device. 

As shown in Fig. 6, in this embodiment, the protecting elements 200 are respectively 
connected between the two terminals of source electrode 106 and gate electrode 105 and between 

2 0 the two terminals of drain electrode 107 and gate electrode 105 of FET 1 (FET2). That is, the 
protecting elements 200 are respectively connected between the output terminal OUT1 and the 
control terminal Ctl-1, between the common input terminal IN and the control terminal Ctl-1, 
between the output terminal OUT2 and the control terminal Ctl-2, and the common input 
terminal IN and the control terminal Ctl-2. Paths, each serving as a bypass that partially 

2 5 discharges the electrostatic energy applied to the corresponding two terminals, are thus formed. 
The electrostatic energy that is applied to an FET's gate Schottky junction, which is a weak 
junction, can thereby be reduced. 

Fig. 7B shows a sectional view along line B-B of the vicinity of an electrode pad. All 
of the respective electrode pads of the switching circuit device are of the same configuration. 

30 As illustrated, a pad peripheral n+-region 1 50, which is a third high concentration 

impurity region, is disposed at the periphery of the electrode pad 70 to prevent the leakage of 



high frequency signals from the electrode pad 70. The lowermost gate metal layer 120 of each 
the electrode pad 70 forms a Schottky junction with the GaAs semi-insulating substrate, and the 
pad peripheral n+ region 150 and each electrode pad form a Schottky junction. 

That is, a part of the resistor Rl-1 (the same applies to Rl-2) and a part of the pad 
5 peripheral n+ region 150, which is a third high concentration impurity region, sandwich the 
semi-insulating substrate 101 to form the protecting element 200. Though the metal electrode 
204 is a part of the common input terminal pad I (the same applies to the output terminal pad 01), 
formed of the gate metal layer 120, it may instead be a part of a wiring connected to the common 
input terminal pad I (see Fig. 3B). This connection example is just one example, and all 

10 connection forms shown in Fig. 3 are applicable. 

Here, since the FET1 side and the FET2 side are symmetrical and are exactly the same, a 
description shall be provided for the FET1 side as an example. In the device of Fig. 24, the 
electrostatic breakdown voltage is the lowest at 140 volts between the common input terminal IN 
and the control terminal Ctl-1 (See Fig. 25). The electrostatic energy applied between the 

15 common input terminal IN and the control terminal Ctl-1 must be at least partially released 

before it reaches the gate electrode and the corresponding electrode, i.e., the source electrode or 
the drain electrode, of the transistor so that the transistor is not damaged. 

One approach to achieve the above is to increase the resistor Rl 5 s resistance. However, 
if the resistor Rl is increased, switching time of the switching circuit device becomes long. 

20 Therefore, in this embodiment, the electrostatic energy is released by use of the protecting 
element 200 but not by increasing the resistance. 

Here, as mentioned above, the resistor Rl is formed of the n+-type impurity region. 
The resistor Rl-1, extending from the control terminal pad CI, extends along one side of the 
common input terminal pad I. Also, the resistor Rl-2 extends along one side of the output 

2 5 terminal pad 01 from the control terminal Ctl-1 . Both resistors include the n+ layer and the n 
layer along the path and, connect to the gate electrode 105 of FET1. 

By positioning the resistor Rl-1 close to the common input terminal pad I, the distance 
between the n+-type region that makes up the resistor Rl-1 and the nearby pad peripheral 
n-Mype region 150 becomes 4|im, and the protecting element 200 is thus formed across the 

30 semi-insulating substrate 101. A part of the resistor Rl-1 is the first n+-type region 201 and a 
part of the pad peripheral n+-type region 150 at the periphery of the common input terminal pad 



I is the second n+-type region 202. This design is the same as connecting the protecting 
element 200 between the common input terminal IN and the control terminal Ctl-1 5 that is, 
between the source and gate electrodes (or between the drain and gate electrodes) of FET1 . 

Also, the protecting element 200 can be placed at a position that is close to the common 
5 input terminal pad I and the control terminal pad CI and is along the path through which static 
electricity is transmitted from the control terminal pad CI to the gate electrode on the operating 
region. Electrostatic energy, which is applied to the switching circuit device from the exterior, 
can thus be released at the beginning of the paths through which electrostatic energy is 
transmitted to the gate electrode. 

10 Likewise, by positioning the resistor Rl-2 near the output terminal pad 01, the distance 

between the n+-type region that makes up the resistor Rl-2 and the nearby pad peripheral 
n+-type region 150 becomes 4|am, and the protecting element 200 is thus formed across the 
semi-insulating substrate 101 . A part of the resistor Rl-2 is the first n+-type region 201 and a 
part of the pad peripheral n+-type region 150 at the periphery of the output terminal pad 01 is 

1 5 the second n+-type region 202. This design is the same as connecting the protecting element 
200 between the output terminal OUT1 and the control terminal Ctl-1, that is, between the drain 
and gate electrodes (or between the source and gate electrodes) of FET1. 

Also, the protecting element 200 can be connected at a position that is close to the output 
terminal pad 01 and the control terminal pad CI, and is along a path through which static 

20 electricity is transmitted from the control terminal pad CI to the gate electrode on the operating 
region. 

By extending the connection through two paths that run along the common input 
terminal pad I and the output terminal pad 01 from the control terminal Ctl-1 and connecting the 
protecting elements 200 to the paths, the electrostatic energy applied between the output terminal 
2 5 OUT1 and the control terminal Ctl-1 and the electrostatic energy applied between the common 
input terminal IN and the control terminal Ctl-1 can both be released to the same degree and 
most efficiently. 

It is desirable that the length of the protecting element 200 along the pad is 10 (im or 
more, because the longer the length is, the more electrostatic energy can be released. 
30 In Fig. 6, the protecting element 200 is arranged along one side of the common input 

terminal pad I. However, if the resistor Rl-1 is arranged in an L shape along two sides of the 



common input terminal pad I, this is more effective in releasing the electrostatic energy as the 
length of the protecting element 200 is longer. The same configuration is applicable to the 
output terminal pad 01. 

By connecting the protecting elements 200 between the common input terminal IN and 
5 the control terminal Ctl-1 and between the common input terminal IN and the control terminal 
Ctl-2 of the switching circuit device as described above, the electrostatic breakdown voltage 
between these terminals can be raised up to 700V. 

When there is no resistor between a gate electrode and a gate pad (the control terminal 
pads CI, in this embodiment), for an FET with a gate length of 0.5 \xm and a gate width of 600 
1 0 jam, the electrostatic breakdown voltage between the a gate and source electrodes or between the 
gate and drain electrodes is no more than approximately 50 V. The gate Schottky junction on 
the operating region of the FET has an electrostatic breakdown voltage of no more than 
approximately 50 V. 

The FET of this embodiment also has a gate length of 0.5 jam and a gate width of 600 
1 5 |um, and the electrostatic breakdown voltage of the gate Schottky junction of this FET will also 
be no more than approximately 50 V without the protection scheme described above. However, 
in a switching circuit device, the resistors Rl will always exist between a gate electrode and a 
gate pad (the control terminal pad CI), such as those of this embodiment. Since a part of the 
electrostatic energy is consumed as heat in the resistors Rl, measurements of the electrostatic 
20 breakdown voltage between the common input terminal IN and the control terminal Ctl-1 (or 
likewise between the output terminal OUT1 and the control terminal Ctl-1, which is connected 
the resister Rl-2) of the switching circuit device showed that the electrostatic breakdown voltage 
was improved somewhat, i.e., approximately 100V, even if the protecting element 200 is not 
connected. 

25 Furthermore, when the protecting element 200 is connected, the electrostatic energy is 

bypassed and discharged in the protecting element 200. Thus, the measured value of the 
electrostatic breakdown voltage increased to 200V or more due to discharg in the protecting 
element 200. 

In other words, the electrostatic energy that is applied between the common input 
3 0 terminal IN and the control terminal Ctl-1 is consumed partially as heat in the resistor Rl -1 , 
consumed further by discharge in the protecting element 200, and becomes smaller than the 



breakdown voltage of gate Schottky junction on the operating region 1 12 when the electrostatic 
energy reaches gate electrode on the operating region 112. 

Fig. 8 shows the results of measuring the electrostatic breakdown voltages of the 
switching circuit device of Fig. 6. The electrostatic breakdown voltage is 700V between the 
5 common input terminal IN and the control terminal Ctl-1 and between the common input 

terminal IN and the control terminal Ctl-2. This is a significant improvement over the break 
down voltage (MOV) of the conventional device. Likewise, the electrostatic breakdown voltage 
is 700V between the output terminal OUT1 and the control terminal Ctl-1 and between the 
output terminal OUT2 and the control terminal Ctl-2, and improved over the related art values of 
10 450 to 500V. 

The mechanism for the above shall now be described for a case where the actual value of 
the electrostatic breakdown voltage of the gate Schottky junction of the operating region 1 12 of 
the FET is 50V. 

As mentioned above, the gate Schottky junction of the operating region 1 12 of the FET 

1 5 breaks down at 50V. Also, in the conventional device, the electrostatic breakdown voltage 

between the common input terminal IN and the control terminal Ctl-1 is 140V as shown in Fig. 
25. This value is obtained when the protecting element 200 is not provided and the electrostatic 
energy applied between the common input terminal IN and the control terminal Ctl-1 reaches the 
operating region 1 12 upon being consumed partially in the resistor Rl-1. That is, the 

20 electrostatic energy of the amount corresponding to 90 volts (140 V - 50 V) is consumed as heat 
in the resistor Rl-1 between the gate electrode 105 and the control terminal pad CI, and the 
Schottky junction breaks down at the point at which 50V is applied to the gate Schottky junction 
of the operating region 1 12 of the FET. 

In this embodiment, measurements of the electrostatic breakdown voltage between the 

25 common input terminal IN and the control terminal Ctl-1 show that breakage occurs at 700V as 
shown in Fig. 8. The Schottky junction of the operating region 1 12 of the FET breaks down at 
50V, the electrostatic energy that is consumed as heat in the resistor Rl-1 between the gate 
electrode 105 and the control terminal pad CI is of the amount corresponding to 90 V. 

That is, the electrostatic energy of the amount corresponding to 560 volts (700 - (50 + 

3 0 90)) is discharged in the protecting element 200 and this amount is thus consumed as heat. The 
amount (560V) that is the surplus over the amount corresponding to the electrostatic breakdown 



voltage of the Schottky junction of the operating region 112 and the amount consumed in the 
resistor Rl-1 is discharged in the protecting element 200. 

Here, the pad peripheral n+-type regions 150, indicated by alternate long and short dash 
lines, are provided below the peripheral end part of the common input terminal pad I, the 
5 control terminal pads CI and C2, and the output terminal pads 01 and 02, and also below the 
peripheral end part of the gate electrodes besides the operating regions of the two FET's. The 
pad peripheral n+-type regions 150 may be provided not just at peripheral end parts but also over 
the entire surfaces directly below the respective pads and the gate electrodes 105 besides the 
operating regions of the two FET's. Furthermore, the pad peripheral n+-type regions 1 50 may 
10 be provided adjacent to and at peripheral parts of the common input terminal pad I, the control 
terminal pads CI and C2, the output terminal pads 01 and 02, and not directly below these pads. 
In addition, the pad peripheral n+-type regions 150 may be provided adjacent to and at peripheral 
parts of the gate electrode besides the operating regions, and not directly below the gate electrode. 
These pad peripheral n+-type regions 150 are formed at the same time as when the source and 
1 5 drain regions are formed and the distance of parts at which these pad peripheral n+-type regions 
150 and the resistors Rl and R2 are adjacent each other is 4(im. 

That is, a plurality of these pad peripheral n+-type regions 1 50 and the resistors Rl and 
R2 may be connected within the same chip as both terminals of the protecting elements 200. 
The terminals of the protecting elements 200 may be connected to bonding pads via metal 
2 0 electrodes or may be the wiring of the resistors Rl and R2 that connect the bonding pads with the 
gate electrode on the operating regions 1 12. 

This embodiment is explained using as an example a switching device having an FET 
having a source electrode, gate electrode and a drain electrode on an operating region of a 
substrate. However, this embodiment is not limited to the above-described three electrode 

2 5 arrangement and may also be applied to a dual gate FET having a total of four electrodes, a triple 

gate FET having a total of five electrodes and other devices having different number of 
electrodes. 

The shape and connection position of the protecting element 200 shall now be described 
further. Since an electrostatic current is generated when the static electricity is applied to the 

3 0 protecting element 200, the protection effect can be improved by making a larger amount of 

electrostatic current flow through the protecting element 200. That is, the shape and connection 



position of the protecting element 200 should be considered towards making a larger amount of 
electrostatic current flow through the protecting element 200. 

As described above, the protecting element 200 of this embodiment has a structure in 
which the first n+-type region 201 and the second n+4ype region 202 face each other and the 
5 insulating region 203 is formed at the periphery of both regions. 

As shown in Fig. 9, the n+-type region 201 has one side surface that opposes the second 
n+-type region 202 and a side surface at the opposite side. Likewise, the second n+-type region 
202 also has one side surface that opposes the first n+-type region 201 and a side surface at the 
opposite side. The side surfaces at the side at which the two regions oppose each other shall be 

1 0 referred to as the opposing surface OS. 

Tn addition, this embodiment's second n+-type region 202 is not restricted to a single 
diffusion region. That is, all high concentration impurity regions, which are formed so as to 
oppose the first n+-type region 201 and are used for the discharge of electrostatic energy, are 
referred to inclusively. That is, as long as it is disposed so as to oppose the first n+-type region 

15 201, the second n+-type region 202 may be arranged from a single impurity diffusion region or 
may be a set of a plurality of partitioned impurity regions. 

Also, in a case where the second n+-type region 202 is partitioned into a plurality of 
types, the partitioned parts do not have to be directly continuous and may be discontinuous. 
That is, with the second n+-type regions 202 that are connected to the same terminal of the same 

2 0 protected device and are opposed to the first n+-type region 201 in common, in a case where 
metal electrodes are disposed on the second n+-type regions 202, differences may exist in the 
impurity concentration as long as adequately high concentration impurity concentrations can be 
maintained with which the protecting element 200 itself will not be broken due to a depletion 
layer, resulting from a voltage due to static electricity, reaching a metal electrode. Also, even if 

2 5 such regions have differences in impurity concentration, differences in size, differences in shape, 
and several other types of differences, these shall be referred to inclusively as the second n+-type 
region 202. 

Likewise, the first n+-type regions 201 that are connected to the same terminal of the 
same protected device and are opposed to the second n+-type region 202 in common shall be 
30 referred to inclusively as the first n+-type region 201 even if there are such differences in 
impurity concentration, differences in size, differences in shape, and several other types of 



differences. 

Also, although a part of a GaAs substrate 101 shall be described as an example of the 
insulating region 203 below, an insulated region, which has been insulated by ion implantation of 
an impurity into a substrate, may be applied in the same manner. 
5 Fig. 9 shows a cross-sectional model of a device simulation of the voltage - current 

characteristics of the protecting element 200 by an ISE TCAD (TCAD made by ISE Corp.). 
The protecting element 200 is formed by forming the first n+-type region 201 and the second 
n+-type region 202 by performing ion implantation into a 50 |nm-thick GaAs semi-insulating 
substrate at a dose of 5 x 13cm' 2 and an acceleration voltage of 90KeV and then annealing. 

10 That is, with this structure, all of the area between the first n+-type region 201 and the second 
n-Mype region 202 and the periphery of the two regions are the insulating region 203. 

As shown in Fig. 9 with the first n+-type region 201, the width al in the direction 
normal to the opposing surfaces OS of the two regions is approximately 5 \im or less and, 
preferably, 3 jam. Although the narrower al is, the better, a width of 0.1 (am is necessary as a 

1 5 limit at which the device will function as the protecting element 200. Also although in this 
embodiment, the first n+-type region 201 is placed parallel to and is separated from the second 
n+-type region 202 by approximately 4 )nm, in planar pattern, the tip of the first n+-type region 
201 may be made a pointed shape to facilitate discharge. In other words, the pattern may be 
one with which the distance with respect to the second n+-type region 202 varies. The grounds 

2 0 for setting al to 5 ^m or less shall be described later. 

As shown in Fig. 9, the metal electrodes 204 are connected to the first n+-type region 
201 and the second n+-type region 202. The methods illustrated in Fig. 3 and Fig. 4 may be 
considered as methods of connecting the metal electrodes 204 to the first and second n+-type 
regions. 

2 5 The second n+-type region 202 is, for example, a diffusion region disposed below a 

electrode pad and its width a2 is 51 jam. With each of the first and second n+-type regions, the 
edge of the metal electrode 204 is away from the edge of two n+-type regions by 1 jam. The 
perspective depth, which is the device size (for example, the gate width in the case of an FET), is 
set to 1 (am. 

30 Here, a simulation was performed in which the first n+-type region 201 is made the 

positive side, the second n+-type region 202 is made the negative side, and a current of 1 A is 



made to flow, assuming the application of an electrostatic voltage of 700V at 220 pF and 0 £1 

Fig. 10, Fig. 1 1, and Fig. 12 respectively show the electron current density, hole current 
density, and recombination density distributions resulting from the simulation. In all cases, the 
values are indicated in a unit of cm" 3 . In Fig. 10, the cross-sectional model illustrated in Fig. 9 
5 is overlaid at the upper part, the situation is same in Fig.l 1 and Fig. 12. 

In the electron current density distribution of Fig. 10, the pi region is the region of the 
highest density among the regions that span both of the first n+-type region 201 and the second 
n+-type region 202. Although the total current is the current resulting from summing the 
electron current and the hole current, since the electron current is by far greater than the hole 
1 0 current, the electron current is taken as representing the current. In this embodiment, the part a 
of the first and second n+-type regions and the substrate being surrounded by ql region including 
ql region, at which the electron current density becomes approximately 10% that of pi, is 
defined as the current path of the protecting element 200. The reason of above definition is 
because a region at which the current density is less than that of ql is considered as not affecting 
1 5 the operation. 

As is clear from Fig. 10, due to the width of al being narrow, a large amount of current 
flows around the side surface at the side opposite opposing surface OS of the first n+-type region 
201 . It is considered that this wrap-around current will occur in likewise manner when static 
electricity is applied. 

20 The ql region at the outer side of the first n+-type region 201 is located at approximately 

20 (im on the X-axis at the location furthest from the first n+-type region 201 . The 
X-coordinate of the outer side end of the first n+-type region 201 is 5 |im as shown in Fig. 9, and 
at parts up to 15 |im at the outer side of the first n+-type region 201, flows approximately 10% or 
more of the electron current of the region of highest electron current density that spans across 

2 5 both of the first n+-type region 201 and the second n+-type region 202. 

The hole current shown in Fig. 1 1 likewise exhibits a wrap-around at the outer side of 
the first n+-type region 201 . With this hole current density distribution, the hole current density 
of q2 region near the X-coordinate of 20 |um is approximately 2% of the hole current density of 
the p2 region of the highest hole current density that spans across both of the first n+-type region 

30 201 and the second n+-type region 202. 

The recombination shown in Fig. 12 likewise also exhibits a wrap-around at the outer 



side of the first n+-type region 201 . With the recombination density distribution of Fig. 12, the 
recombination density of a q3 region near the X-coordinate of 20 |im is approximately 10% of 
the recombination density of the p3 region of the highest recombination density that spans across 
both of the first n+-type region 201 and the second n+-type region 202. 
5 Figs. 13A and 13B show schematic diagrams of current paths formed in the insulating 

region 203 at the periphery of the first n+-type region 201 and the second n+-type region 202 
based on the above-described distribution diagrams. For the sake of comparison, Fig. 13A 
shows a schematic diagram when al and a2 are wide and have an equal width of approximately 
51 |im (this shall be referred to hereinafter as "a-structure"). Fig. 13B illustrates the case where 
10 the first n+-type region 201 is provided with an adequately narrow width in comparison to the 
second n+-type region 202 as shown in Fig. 9(al « a2; this shall be referred to hereinafter as 
"b-structure"). 

In the distribution diagrams of Fig. 13 A, the densities are distributed symmetrically 
since al and a2 are equal. For the a-structure, the illustration of the distribution diagrams shall 

15 be omitted and only the schematic diagram is shown. 

When the widths al and a2 are wide (51 (im) as in the case of Fig. 13 A, a current path 
(from the pi region to the vicinity of the ql region) is formed between the opposing surfaces and 
near the bottom surface part as indicated by the arrows. The path for the electron current and 
hole current, which is formed in the space between the opposing surfaces OS of the first n+-type 

20 region 201 and the second n+-type region 202 and in the vicinities of the bottom surfaces of the 
two regions, shall be referred to as a first current path II , as shown in Figs 1 3 A and 1 3B. That 
is, the first current path II is the only current path of the protecting element 200 of the 
a-structure. 

Meanwhile, when, as shown in Fig. 13B, al is narrowed to approximately 5 |im, in 
2 5 addition to the first current path II , which is formed between opposing surfaces OS and in their 
vicinities of the bottom surfaces, a path for the electron current and the hole current is formed at 
regions deeper than those of the first current path 1 1 . This path wraps around the first n+-type 
region 201, and with this path, the side wall at the outer side of the first n+-type region at the 
side opposite opposing surface OS is used for flow of the electron current and hole current and 
30 the ql region is formed at a lower location in comparison to the a-structure. 

The path for the electron current and the hole current, which is formed at regions deeper 



than those of the first current path II and is formed at an insulating region from the second 
n+-type region 202 to the side surface at the side opposite opposing surface OS of the first 
n+-type region 201 as illustrated, shall be referred to as a second current path 12. 

As shown in Fig. 13B 3 since the width of the second n-Mype region 202 is 51 |im and 
5 thus adequately wide, the current path extends in the horizontal direction under the second 
n+-type region 202 to the extent much larger than observed with the a-structure. 

Meanwhile, since the width al is narrow and approximately 5 \im as mentioned above, 
current flows so as to wrap around the first n+-type region 201 and not only the bottom surface 
part of the first n+-type region 201 but the side surface at the side opposite from the surface OS 
1 0 also becomes a part of the current path. 

Thus as is clear from the above-described drawings, whereas in the case of the 
a-structure, only the first current path II is the current path of the protecting element 200, with 
the protecting element 200 of the b-structure, the second current path 12 is formed because of the 
narrow first n+-type region 201 and thus the two current paths of the first current path II and the 
1 5 second current path 12 are formed. 

With the second current path 12, current flows in and out from the side surface at the 
outer side of the first n+-type region 201 . Also the second current path 12 passes through 
regions deeper than the regions which the first current path II passes through and by reaching the 
first n+-type region 201 in a detouring (roundabout) manner, provides a long path inside the 
20 insulating region 203. Traps (EL2, in the case of GaAs) inside the insulating region 203 can 
thus be used to increase the opportunity for a conductivity modulation effect. 

That is, with the b-structure, the conductivity modulation efficiency is improved in 
comparison to a case where only first current path II is provided and the flow of a larger amount 
of current is enabled. The current that flows between the first and second n+-type regions is 
2 5 increased, whereby a larger amount of electrostatic current can be made to flow when static 
electricity is applied and the effect as the protecting element 200 is increased. 

The method of improving the conductivity modulation efficiency by intentionally 
detouring of the current path over a long distance to increase the chance that main carriers will 
encounter the carriers of the opposite polarity is employed in IGBTs and other conductivity 
30 modulation devices and shall be described in detail below. 

Generally, what makes an insulating region an insulating region is the existence of traps. 



As an inherent property, a donor trap has a positive charge, becomes neutral upon capturing an 
electron, and can become a medium for conductivity modulation. In the case of GaAs, EL2 is 
the donor trap. Traps also exist in an insulated region formed by impurity implantation. 

Fig. 14 shows the results of simulating the voltage - current characteristics at a 
5 perspective depth of 1 jam when in the device of Fig. 9, the first n+-type region 201 is made the 
positive side and the voltage applied between the first n+-type region 201 and the second n+-type 
region 202 is increased. As illustrated in this figure, the breakdown voltage is 20 to 30V. 

The protecting element 200 thus breaks down at 20 to 30V and when a greater voltage is 
applied, it undergoes bipolar operation and conductivity modulation occurs. Since the 
10 protecting element 200 is designed to be broken down when an electrostatic voltage of several 
hundred V is applied, the conductivity modulation occurs from the initial stage of the operating 
state of the protecting element 200. 

As this conductivity modulation occurs more frequently, the avalanche multiplication 
following breakdown becomes intense and electron - hole generation and recombination occur 
1 5 more actively, resulting in more current flows. 

Thus by forming the second current path 12 in the protecting element 200, the 
conductivity modulation efficiency at deep regions and in the outward direction of the first 
n+-type region 201 at the side opposite opposing surface OS can be improved. 

Also since the width of the first n+-type region 201 is narrowed to 5 |im or less in order 
2 0 to provide the second current path 12, in the first current path II, the electrons in the vicinity of 
the first n+-type region 201 become crowded and repel each other to cause electrons, which are 
the major carriers, to pass through paths that are deeper and wider in comparison to the 
a-structure, and thus the first current path II itself is more subject to conductivity modulation 
correspondingly. 

2 5 The graph of Fig. 1 5 is used to determine the proportion of the current value of the 

second current path 12 with respect to the total current value of the b-structure. This is a graph 
of the X-coordinate dependency of the electron current density at a depth of 2 |am from the 
surface that results from a simulation wherein the first n+-type region 201 is made the positive 
side and a current of 1 A is made to flow at a perspective depth of 1 |um, assuming the application 

30 of an electrostatic voltage of approximately 700V at 220 pF and 0Q. 

For the electron current density at the depth of 2 [im from the surface, the electron 



current density immediately below the first n-Mype region 201 is integrated along the width in 
the X-direction of the first n+-type region 201 to determine the value corresponding to the first 
current path II, and the electron current density at the outer part with respect to the first n+-type 
region 201 is integrated along the width in the X-direction of the outer part to determine the 
5 value corresponding to the second current path 12, and the proportion of the current value of the 
second current path 12 is calculated. 

As a result, the current value of the second current path 12 was found to be of a 
proportion of 0.48 (2.89 / (3.08 + 2.89)) with respect to the total current value and thus of a 
current value of the same level of that of the first current path II . 
10 Furthermore, as shall be described later, in the case of the b-structure, the first current 

path II itself exhibits a larger current value than the first current path II in the case of the 
a-structure. Thus with the b-structure, since the second current path 12 itself is of the same 
level as the first current path II, in total, a far greater amount of current flows in comparison to 
the a-structure. 

1 5 Since as a secondary effect, the first current path II and the second current path 12 are 

combined as described above to significantly enlarge the current path in comparison to the 
a-structure, the temperature inside the crystal becomes lower than that of the a-structure, the 
mobility of electrons and holes increases correspondingly, and thus a correspondingly larger 
amount of current can flow. 

20 Since the current value of the protecting element 200 as a whole thus increases, the 

protection effect increases. 

Figs. 16A and 16B show a table in which the spreading of the electron current, hole 
current, and recombination density are compared. Here, simulations were carried out for the 
a-structure and the b-structure and the resulting values of the same type of density distributions 

2 5 as those shown in Fig. 10 through Fig. 12 are compared under fixed conditions. 

In Fig. 16A, "y_2" is the numerical value in unit of jam of the width in the X-direction of 
a section, obtained in the corresponding density distribution diagram by cutting in the horizontal 
direction at a depth of 2 (am from the surface, at which the corresponding density becomes 10 5 
cm" 3 . 

3 0 "x_0" is the numerical value in jam of the depth from the surface at which the 

corresponding density becomes 10^ cm" 3 in the Y-direction section at X = 0|iim in the coordinate 



system shown in Fig. 9. 

"Product" is the value obtained by multiplying the value of y_2 by the value of x_0 and 
is a value for comparing, in a simulating manner, the area of the figure formed when the points at 
which the corresponding density becomes 1 0 ^cmo are traced and joined together. That is, 
5 "product" is an index to show the respective spreading of electrons, holes, and recombination. 

Also in the table, "a-structure" is the a-structure in which both of the first n+-type region 
201 and the second n+-type region 202 have a width of 51 (im (= al = a2), the second n+-type 
region 202 is made the positive side, the first n+-type region is made the negative side, and the 
perspective depth is made 1 (am, and the values for this structure are the calculation results for a 
1 0 case where 0. 1 74 A is made to flow. 

The term "b-structure-1" is the b-structure in which the width al of the first n+-type 
region 201 is set to 3 (am, the width a2 of the second n+-type region 202 is set to 51 (im, the 
second n-Mype region 202 is made the positive side, and the first n+-type region is made the 
negative side, and the values for this structure are the calculation results for a case where 0.1 74A 
15 is made to flow at a perspective depth of 1 jam. 

The term "b-structure-2" is the b-structure in which the applied polarity is reversed with 
respect to that of the b-structure-1, that is, with which the width al of the first n+-type region 
201 is set to 3 |am, the width a2 of the second n+-type region 202 is set to 51 (im, the first 
n+-type region is made the positive side, and the second n+-type region is made the negative side, 
2 0 and the values for this structure are the calculation results for a case where 0. 174A is made to 
flow at a perspective depth of 1 (im. 

For all three of the abovementioned densities, the product values of both of the 
b-structure-1 and the b-structure-2 are greater than those of the a-structure. 

This indicates that regardless of polarity, that is, regardless of whether the first n+-type 
2 5 region 201 side is positive or the second n+-type region 202 side is positive, the electron current, 
hole current, and recombination are all distributed over a wider range in the b-structure than in 
the a-structure and thus that the conductivity modulation efficiency is higher in the b-structure 
than in the a-structure. Furthermore, since the current flows across a wider range, the 
temperature drops, resulting in the increased mobility and current flow. 
30 The calculation results for the case where 1 A is made to flow through a b-structure-3, 

which is the b-structure in which the first n+-type region 201 is made the positive side, are 



shown in Fig. 1 6B. Whereas a comparison was made for a unified current of 0. 1 74 A from the 
standpoint of calculation ability in the three calculations of Fig. 16A, with actual static electricity 
the current at a perspective depth of 1 is approximately 1 A for conditions of a 700V 
electrostatic voltage, 220 pF, and 0 £1 The results are shown here since calculation by 
5 simulation for 1 A was possible only for the case where the first n+-type region 201 is made the 
positive side. 

In comparison to the b-structure-2 of Fig. 16A 5 in the b-structure-3, even though the 
polarity is the same, the values of the respective products are increased by one order of 
magnitude or more when the current is increased from 0.1 74 A to 1A. 

10 Thus as shown in Fig. 16C, when a higher electrostatic voltage is applied to the 

protecting element 200 and more electrostatic current flows than the current shown in Fig. 10 
and Fig. 13B, which is a schematic diagram of Fig. 10, and the insulating region 203 is 
adequately large, the region surrounded by the ql region (region of a current density of 
approximately 10% or more of the region of highest density) shown in Fig. 16 spreads further 

15 downwards and in the outer direction at the side opposite from the surface OS, that is, the second 
current path 12 spreads. Since the more the second current path 12 spreads, the further the 
conductivity modulation efficiency is increased, the more current flows, and the further the 
region surrounded by ql region spreads downwards, the second current path 12 spreads even 
further. Since the crystal temperature of the substrate is thus lowered, the carrier mobility can 

20 be increased further, more current can be made to flow, and the protection effect can be 
improved further. 

Thus in the b-structure, the higher the electrostatic voltage that is applied, the higher the 

conductivity modulation efficiency becomes and the more the current path spreads, that is, the 

conductivity modulation effect can be adjusted automatically. 
25 Also, in the first current path II, the higher the electrostatic voltage, the deeper the 

current flows, and thus as with the second current path 12, the conductivity modulation effect can 

be adjusted automatically. 

Thus, by securing an adequate area of the insulating region 203 that can become the 

second current path 12, a structure is provided with which a protected device can be protected 
30 from damage even from static electricity of 2500V at 220 pF and 0Q. Moreover, since there is 

hardly any parasitic capacitance, the high-frequency characteristics of protected device will not 



be degraded. That is, by connecting the present protecting element 200 with a parasitic 
capacitance of 20 fF to the device which by itself has an electrostatic breakdown voltage of only 
approximately 100V, the electrostatic breakdown voltage can be improved by 20 times or more. 
The reason why a value of 5 ^im or less is preferable for al of the b-structure shall now 
5 be described using Fig. 1 7. In Fig. 17, the electron current densities in the b-structure-2 in Fig. 
16 are calculated while varying the width al of the first n+-type region 201 . 

When the width al of the first n+-type region 201 is made 5 \xm or less, the proportion 
of the second current path 12 increases suddenly. That is, since the current spreads in the 
horizontal direction and the depth direction, the conductivity modulation efficiency increases 
1 0 correspondingly and the temperature drops, thereby increasing the carrier mobility, and thus the 
current value increases significantly and the protection effect of the protecting element 200 
increases greatly. 

Here, whereas the proportion of the second current pass 12 was 0.48 for the case of al = 
3 (im shown in Fig. 15, the second current pass 12 proportion for the point corresponding to the 

1 5 first n+-type region width of 3 (am, when the first n+ region is positive being same as in Fig. 15, 
is only 0.3 in the abovementioned Fig. 17 because Fig. 17 shows current values for 0.174 while 
Fig. 15 shows current values for 1 A, and it can be understood that up until a certain fixed current 
value, the greater the current, the greater the proportion of the second current path 12. 
Furthermore, although a comparison was made with 0.1 74 A due to the limits of the calculation 

20 capacity for simulating a large device, as long as a relative comparison is being made, an 
adequate comparison can be made with this current value. 

The width p of the insulating region 203 that should be secured at the outer side of the 
first n+-type region 201 shall now be described. As mentioned above, with the second current 
path 12, since the second current path 12 spreads to the insulating region 203 at the side opposite 

2 5 from the surface OS of the first n+-type region 201 , the insulating region 203 of an adequate 
width P is preferably secured at this side. 

The relationship between the p of the b-structure and the electrostatic breakdown voltage 
shall now be described with reference to Figs. 1 8. As mentioned above, securing an adequate 
area of the insulating region 203 is to secure an adequate region that can become the second 

30 current path 12 and thus provides a high protection effect. That is, a predetermined insulating 
region width p is secured at the side opposite from the surface OS as shown in the plan view of 



Fig. 1 8A. Fig. 1 8B shows the results of the experiment to measure the electrostatic breakdown 
voltage upon varying the value of p. 

The protected device used for measurements is an element in which a resistor of 10KQ 
is connected in series to the gate of a GaAs MESFET with gate length of 0.5 |im and a gate 
5 width of 600 [im. Prior to connection of the protecting element 200, the electrostatic 

breakdown voltage between the source or drain electrode and the resistor end (gate electrode) is 
approximately 100V. The electrostatic breakdown voltages are then measured upon connecting 
the respective ends of the first n+-type region 201 and the second n+-type region 202 of the 
protecting element 200 of the b-structure in parallel between the source or drain electrode and 
1 0 the resistor end (gate electrode) and varying the value of p. The length of opposing surface OS 
is 60 (im. The capacitance between the first n-Mype region 201 and the second n+-type region 
202 is 20fF. 

As shown in Fig. 1 8B, when (3 is increased to 25 |im, the electrostatic breakdown voltage 
is improved to 2500V. The electrostatic breakdown voltage when the P shown in Fig. 18A is 

15 1 5 nm is 700V. This means that when the electrostatic voltage is increased from 700V to 

2500V, the second current path 12 extends by 15 jxm or more in the outer direction (p) at the side 
opposite opposing surface OS of the first n+-type region 201 . 

When the electrostatic voltage increases, the second current path 12 spreads 
correspondingly. In other words, although the spreading of the second current path 12 will be 

2 0 restricted if an adequate area of the insulating region 203 is not secured, by securing an adequate 
area of the insulating region 203, the second current path 12 can be spread adequately. 

Thus with the b-structure, by securing a width P of 10 |um or more and preferably 15 (im 
or more for the insulating region 203 at the outer side of the first n+-type region 201 , the second 
current path 12 can be spread further to increase the conductivity modulation efficiency further. 

25 Although with the a-structure, the electrostatic breakdown voltage could only be 

increased by two to three times when the protecting element 200 is connected, for the b-structure, 
it has been confirmed that an electrostatic voltage of 700V is realized if p is 15 |im, and by 
extending p to 25 (im, the electrostatic voltage can be increased by 2500V, in other words, by 25 
times. Thus with the b-structure, by securing a predetermined p, a current of at least 

30 approximately 10 times larger than that which can be made to flow through the a-structure 
protecting element 200 can be made to flow through. 



As mentioned above, the current that flows through the first current path II and the 
current that flows through the second current path 12 are nearly equal. Accordingly, the current 
flow of each of the paths II and 12 must be at least 5 times larger than that of the conventional 
device because the total increase in the current flow of the two paths is at least 10 times. 
5 It is thus preferable for p to be 1 0 jam or more, and this means that in integrating the 

protecting element 200 in a chip, other components, wiring, etc., should be positioned upon 
securing the insulating region 203 with a width P at the outer side of the first n+-type region 201 . 

Likewise as shown in Figs. 19, in order to secure the second current path 12, it is 
preferable to secure an adequate area of insulating region in the depth direction as well. Fig. 
10 19A is a sectional view, and here, the insulating region 203 of a predetermined depth 5 is secured 
below the first n+-type region 201 and the second n+-type region 202. 

Fig. 19B shows a graph of the electron current density along the Y-direction section at 
coordinate X = 0 |im when a simulation is performed in which the first n+-type region 201 is 
made the positive side and 1 A is made to flow at a perspective depth of 1 |um in assumption of 
1 5 the application of an electrostatic voltage of 700V at 220pF and Ofi. When the electron current 
density is integrated along the depth direction from the surface of this graph, the integral 
(hatched part) up to a depth (Y) of 19 (im was found to be 90% of the integral up to the total 
depth of 51 |im. The depth 5 of the insulating region 203 is thus preferably 20 |im or more. 
Although the sizes (P and S) of the insulating region 203 that should be secured at the 
20 periphery of the protecting element 200 and width (al) of the first n+-type region 201 were 
described above, depending on the position on a chip, it may not be possible to secure an 
adequate p or 5 or an adequate length of opposing surfaces OS. 

Thus in such a case, as shown in the plan view of Fig. 20A, an extension part 300 is 
provided for example by bending the first n+-type region 201 in the direction away from 
2 5 opposing surface OS. A third current path 13, which is to be an electron current and hole 
current path of high conductivity modulation efficiency, may be formed between the second 
n+-type region and the extension part 300, which secures a predetermined insulating region y in 
the insulating region 203 

With the third current path 13, a larger current path can be secured in the insulating 
30 region 203 between the extension part 300 and the second n+-type region 202. Although only a 
planar representation is provided in the figure, since the third current path 13 is also formed in 



direction perpendicular to the paper surface (direction of the depth of the device), the current in 
the depth direction increases as well. In the depth direction (direction perpendicular to the 
paper surface) of opposing surfaces OS, the first current path II and the second current path 12 
are formed, and the first, second, and third current paths II to 13 become the current paths of the 
5 protecting elements 200. 

In Fig. 20B, measured values are shown for comparison of y and the electrostatic 
breakdown voltage. The protected device and the protecting element 200 are connected by the 
same method as that employed for Figs. 18, with which the electrostatic voltage was measured 
while varying the value of p. 

10 As shown in Fig. 20B, when y is increased to 30 |um, the electrostatic breakdown voltage 

is improved to 1200V. When y is 25 fxm, the electrostatic breakdown voltage is 700V. This 
means that when the electrostatic breakdown voltage is increased from 700V to 1200V, the third 
current path 13 extends by 25 |j.m or more in the insulating region 203 between the extension part 
300 and the second n+-type region. 

1 5 Thus even in the case where the extension part 300 is provided, the third current path 13 

can be spread further and the conductivity modulation efficiency can be increased further the 
higher the electrostatic voltage. In other words, the conductivity modulation effect can be 
adjusted automatically according to the voltage of the applied static electricity. 

In other words, an adequate area of the insulating region 203 is preferably secured at the 

2 0 periphery of the extension part 300 as well and by securing an adequate y, a space in which the 

third current path 13 can spread adequately, and can be secured to make more electrostatic 
current flow in correspondence to the electrostatic voltage. Thus the width y is preferably 1 0 
[im or more and more preferably 20 jam or more. The effect can be improved by securing y at 
the sides of both side surfaces of the extension part 300. 
25 It is optimal to secure y upon securing P, even if P is inadequate, the effect of the 

protecting element 200 is improved by securing y. 

Fig. 21 shows a schematic diagram of current paths when both of the first n+-type region 
201 and the second n+-type region 202 have a width of 5 jum or less (this structure shall be 
referred to as "c-structure"). 

3 0 The c-structure is a structure in which the width a2 of the second n+-type region 202 of 

the b-structure is narrowed so as to be equal to al of the first n+-type region, and these regions 



are formed in opposing manner at a distance of approximately 4 |im and have the insulating 
region 203 at the periphery. The first current path 1 1 and the second current path 12 are formed 
with the c-structure as well. 

The first current path II is formed from the substrate surface to the parts between 
5 opposing surfaces OS of the first and second n+-type regions and in the insulating region 203 
between the vicinities of the bottom surfaces of the two n+-type regions and is a path for the 
electron current and the hole current. 

The second current path 12 is formed so as to detour through regions that are adequately 
deeper than the first current path II and reach the side surfaces of the two regions at the sides 
1 0 opposite opposing surfaces OS. That is, for both of the first n+-type region 201 and the second 
n+-type region 202, the side surfaces at the sides opposite from the surfaces OS can be used for 
the current path and the second current path 12 is formed in regions deeper than the first current 
path II. 

Furthermore as shown in Fig. 22, the first n-Mype region 201 may be provided with an 
1 5 extension part 300a to form the third current path 13 that is to be a path for the electron current 
and the hole current that increases conductivity modulation in the insulating region between the 
extension part 300a and the second n+-type region 202. 

Likewise, the second n+-type region 202 may be provided with an extension part 300b 
to form the third current path 13 that is to be a path for the electron current and the hole current 
2 0 that increases conductivity modulation in the insulating region between the extension part 300b 
and the first n+-type region 201 . 

Just one of either of the extension parts 300a and 300b may be provided or both of the 
n+-type regions may be provided with extension parts. Although in the drawing, these are 
provided by bending in the direction away from opposing surface OS, these may be provided by 

2 5 extending instead of bending. Since the third current path 13 is thereby formed as shown in Fig. 

22, the current value increases and the protection effect increases. 

As values of (3, y, and 8, the abovementioned values are favorable, and although values 
less than the abovementioned values will still enable the securing of current paths that are greater 
in comparison to those of the a-structure, it is preferable to provide a pattern that can secure the 

3 0 respective values described above as much as possible. 

That is, an adequate space (p, y) is preferably secured in the insulating region 203 at the 



periphery of the first n+-type region 201 (in the case of the c-structure, of the second n+-type 
region 202 as well) that forms the protecting element 200 so as not to obstruct the second current 
path 12 or the third current path 13 , and protected device to which the protecting element 200 is 
connected and other components and wiring, etc., are preferably placed at the outer side of the 
5 first n+-type region 201 at a distance of approximately 10 [im or more. Also, since insufficient 
areas of chip end parts can also obstruct a current path, when the first n+-type region 201 is 
positioned at a chip end part, approximately 10 jam or more is preferably secured as the distance 
to the chip end as well. 

Hereinafter, the patterns of the protecting element 200 will be described with reference 
10 to Fig. 6. In the switching circuit device of Fig. 6, the protecting element 200 is connected to 
the common input terminal pad I. At the periphery of the respective electrode pads 70, the pad 
peripheral n+-type region 150 to form a Schottky junction with the pad is arranged. 

Namely, in Fig. 6, by arranging the resistors Rl-1 and R2-1 adjacent the common input 
terminal pads I, respectively, the separation distance between the n+-type regions of the resistor 
15 Rl-1 and R2-1 and the pad peripheral n+-type region 150 is about 4 (im, and the insulating 
region 203 is arranged in the surroundings, thus the protecting element 200 is completed. A 
part of the resistors Rl-1 and R2-1 is the first n+-type region 201, and a part of the pad 
peripheral n+-type regions 1 50 at the periphery of the common input terminal pad I is the second 
n+-type region 202. Namely, this means that the protecting element 200 is connected between 
20 the control terminal and common input terminal of a switching circuit device. 

In this pattern, the width of the resistors Rl-1 and R2-1 is ocl and is designed to be 5 (am 
or less. Moreover, in the pattern of Fig. 6, the second n+-type region 202 is not provided under 
the whole surface of the electrode pad but is only in the peripheral part. However, as described 
above, since the side surface of the second region 202 opposite from the surface OS is not 

2 5 utilized as the second current path 12, the b-structure is provided in this case. 

In this pattern as well, the width p of the insulating region 203 on the outer side of the 
resistors Rl-1 and R2-1 (the first n+-type region 201) is 10 (im or more, and other components 
are arranged. In this pattern, the end of p is of the pad peripheral n+-type regions 1 50 of the 
control terminal pad CI and C2, and the distance from the resistors Rl-1 and R2-1 is 10 (am or 

3 0 more. 

There may also be cases where lOjim or more cannot be secured as p, and the current 



flowing through the second current path 12 is lessened correspondingly. As a countermeasure 
for this situation, an extension part may, for example, be provided at the first n+-type region 201 
to form the third current path 13 in the insulating region 203 between the extension part and the 
second n+-type region 202. 
5 With the pattern of Fig. 6, by providing the extension part 300a by bending the resistor 

Rl-1 or R2-1 and securing lOjam or more as the width (y) of the insulating region 203 between 
the extension part 300a and the edge of the substrate, this peripheral portion of the insulating 
region 203 becomes the current path 13. 

That is, even if an adequate the second current path 12 cannot be secured, the third 
1 0 current path can be formed to adequately protect the Schottky junction between the control 

terminal and the common input terminal of the switching circuit device from static electricity. 

The same applies to the protecting elements 200 arranged with the output terminal pad 
01 and the resistor Rl-2 and with the output terminal pad 02 and the resistor R2-2. 

Thus the protecting element 200 of this embodiment is should be disposed between two 
1 5 terminals of the protected device, upon making the width of at least one of the high concentration 
impurity regions of the first n+-type region 201 and the second n+-type region 5 |im or less , and 
upon securing an adequate area of insulating region (P, y) at the periphery. 

Although the insulating region 203 made of GaAs is used in the embodiments above, the 
insulating region 203 may be a region , which has been made insulating by the ion implantation 
2 0 and diffusion of an impurity into a substrate, and in such a case, silicon substrate can be also 
employed. 
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